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1
MEMORY POWER CONTROLLER

TECHNICAL FIELD

The present mnvention relates to memory power controller
circuitry, and more particularly, to a system for controlling
one time programmable memories using multiple clock sig-
nals generated from a single oscillator signal.

BACKGROUND

Memory components such as one time programmable
memories, registers, ROM, RAM, flash memory, etc., are
used within a wide variety of digital circuitries. When these
memories are used within low power applications, various
types of problems often arise. One problem involves the large
static current required by memories. The static current varies
depending upon the output word maintained on the outputs of
the memories. In this situation, the static currents used by the
memory can vary anywhere from 1 milliamp to 1.5 mualli-
amps. Due to the large static currents, the memories require
higher device powers than are desired, particularly when the
system clock associated with the memory slows toward 0 Hz.

One solution to this problem has been to turn oif the
memory devices to save power when they are in a non active
state. However, when a memory 1s turned off, additional
problems arise due to the long time the memory devices take
to power up relative to the system clock. Many memories such
as one time programmable memories may have a turn on time
ol approximately 300 nanoseconds. Thus, there 1s a need for
an 1mproved solution to memory power control within low
power devices that limits the power usage of the memory
when not 1n use, yet sufficiently addresses the long turn on
times associated with the memories.

SUMMARY

The present invention, as disclosed and described herein, in
one aspect thereol, comprises a memory power controller
including clock generation circuitry for generating a {first
clock signal and a second clock signal responsive to a source
clock and a determination that the source clock has a period
greater than a predetermined value. The first clock 1s gener-
ated responsive to the determination that the source clock has
a period greater than the predetermined value. The second
clock 1s generated responsive to the determination that the
source clock has a period less than the predetermined value.
Memory time-out circuitry generates a memory enable/dis-
able signal to control operation of the associated memory
responsive to the source clock and the determination that the
source clock has the period greater than the predetermined
value. The memory time-out circuitry further synchronizes
the memory enable/disable signal with the source clock.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding, reference 1s now made
to the following description taken in conjunction with the
accompanying Drawings in which:

FIG. 1 1s a block diagram of a digital system including an
OTP memory having the memory power controller of the
present disclosure;

FI1G. 2 1s a functional block diagram of the memory power
controller;

FIG. 3 15 a state diagram describing the operation of the
finite state machine of the memory power controller;
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FIG. 4 1s a schematic diagram of the time-out synchroni-
zation circuit;

FIG. 51s aschematic diagram of the delay circuit within the
time-out synchronization circuit;

FIG. 6 1llustrates the manner in which the time-out signal 1s
synchronized with the received source clock;

FIG. 7 1s a schematic diagram of the memory time-out
circuit;

FIG. 8 15 a timing diagram 1llustrating the generation of the
fast clock signal;

FIG. 9 1s a timing diagram 1llustrating the generation of the
slow clock signal;

FIG. 10 1s a timing diagram 1llustrating the switching of the
gated clock signal from the slow clock signal to the fast clock
signal; and

FIG. 11 1s a ttiming diagram 1llustrating the switching ofthe
gated clock signal from the fast clock signal to the slow clock
signal.

DETAILED DESCRIPTION

Referring now to the drawings, wherein like reference
numbers are used herein to designate like elements through-
out, the various views and embodiments of a memory power
controller are illustrated and described, and other possible
embodiments are described. The figures are not necessarily
drawn to scale, and 1n some instances the drawings have been
exaggerated and/or simplified in places for illustrative pur-
poses only. One of ordinary skill in the art will appreciate the
many possible applications and variations based on the fol-
lowing examples of possible embodiments.

Referring now to the drawings, and more particularly to
FIG. 1, there 1s illustrated a memory power controller 102
used within a digital circuitry including a one time program-
mable memory 104 and an oscillator source 106. The memory
power controller 102 enables power control of an associated
OTP memory 104. The oscillator circuit 106 generates a
source clock (SRCCLK) that 1s applied to the memory power
controller 102 atits clock input 108. The oscillator circuit 106
generates the source clock signal for the circuit responsive to
various control signals provided via inputs 107. The output of
the memory power controller 102 1s provided as a gated clock
signal (GCLK) via an output 110. The gated clock signal
provided from the memory power controller 102 1s applied to
a clock tree 112 and a SAR register 114. The memory power
controller 102 additionally provides a memory enable signal
via output 116 to the OTP memory 104. Using the memory
enable signal, the memory power controller 102 may turn on
and off the OTP memory 104. The OTP memory 104 has data
contained therein read via line 118 through the D,,, input 120
of the power memory controller 102. The read data 1s output
via the D, output 122 of the power memory controller 102
to a central processing unit 124. The “Din” (120) and “Dout”
(122) ports of the controller add an adjustable pipe-line delay
in the memory data path to ensure that the CPU 124 gets the
proper data 1n all controller modes.

Responsive to the gated clock signal, the clock tree 112
generates a system clock that 1s provided to rest circuitry 126
and inverse and delay circuitry 128. The 1verse and delay
circuitry 128 1s used to reduce current spikes within the OTP
memory 104. The system clock 1s additionally provided back
to the oscillator circuit 106. Other types of digital circuits
using memories are also possible.

The general goal of the memory power controller 102 1s to
turn oif the OTP memory 104 when it can save overall system
power. The memory power controller 102 does this by switch-
ing between slow and fast clock modes as will be described
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herein below. Power can be saved if the system clock period
1s long enough to allow the OTP memory 104 enough time to
turn back on, after being turned off. When the system 1s
running with a slow clock, the system can not require multiple
clock cycles to turn on the memory. This would be a major
performance impact, and reduce the power savings because
the memory would have to be turned on for a complete clock
cycle. When the controller 102 transitions from a slow clock
operating mode, to a fast clock mode, the controller 102 needs
to ensure that the rest of the system 1s not clocked until the
OTP 104 memory has had time to turn on. This 1s done by
skipping a number (20) of mnput clocks. An alternative 1s to
skip clocks for a fixed amount of time (e.g., 300 nS), but the
present application prefers a fixed number of clock cycles.
The OTP memories 104 can be turned off for reasons other
than a slow system clock (e.g., IDLE mode). In these cases,
clock skipping 1s also needed to ensure the OTP memories
104 have enough time to turn on. The “forceSkip™ inputs of
the memory power controller 102 enable this feature.
Referring now to FIG. 2, there 1s provided a functional
block diagram of the memory power controller 102. The
memory power controller 102 consists of a finite state
machine 202, a time-out synchromization circuit 204, a
memory time-out circuit 206 and a pair of pulse generation
circuits 208, 210 having their outputs connected to a multi-
plexer circuit 212. The source clock signal recerved at the
input of the memory power controller 102 1s applied to the
ICLK 1nput 214 of the time-out synchronization circuit 204.
The time-out synchronization circuit 204 generates a delay
clock signal (DLYCLK) at output 216 that 1s used for clock-
ing the remaining circuits within the memory power control-
ler 102. The output delay clock 1s provided as a clock input to
the memory time-out circuit 206 and 1s a clock input to the
finite state machine 202. The memory time-out circuit 206 1s
used both to measure clock period of the delayed clock, and to
delay the delayed (a.k.a. first) clock until the memory has
powered-up. The time-out synchronization circuit 204 is also
used to move the rising edge of the input time-out signal (11T0)
received from pulse generation circuit 208 away from the
rising edge of the delay clock signal being provided from
output 216 to generate a delayed time out signal oTo. The
timeout signal 1s generated by the memory timeout circuit
206 at output 218 responsive to a determination that the
period for the delay clock signal provided to the mnput 220 of
the memory time-out controller has exceeded a predeter-
mined time period. The delay 1s determined using an RC
(analog) delay to measure the receirved clock period. The
memory timeout circuit 206 could also use an independent
clock to measure the delay. Other embodiments may utilize a
particular time period such as approximately 300 nanosec-
onds rather or a predetermined number of clock cycles.
Since the time-out signal generated at the output of the
memory time-out circuit 206 1s an asynchronous signal, it
must be synchronized with the delay clock signal being pro-
vided to the finite state machine 202 and memory 104. How-
ever, the time-out signal cannot be synchronized with the
delay clock signal using traditional retiming. The finite state
machine 202 cannot afford a 2 clock cycle delay in respond-
ing to a timeout. The time-out signal cannot be delayed by the
clock since there may be no clocks happening when the
memory disable 1s needed. Thus, the time-out synchroniza-
tion circuit 204 synchronizes the time-out signal to be no
closer than 5 nS of the clock rising edge of the delay clock
signal as will be more fully described herein below. The
synchronized time-out signal o'To provided from the time-out
synchronization circuit 204 1n addition to being provided to
the finite state machine 202, may be used by the finite state

10

15

20

25

30

35

40

45

50

55

60

65

4

machine 202 to generate a one time programmable memory
disable signal (se) that disables the one time programmable
memory 104 when the time-out signal from the memory
time-out circuit 206 goes high.

The memory time-out circuit 206 1s responsible for com-
paring the period of the delay clock signal received at its clock
mput 220 with a predetermined time period. Thus, the
memory time-out circuit 206 clears the time-out delay signal
(to) on every rising edge of the input clock. I this period of the
received delay clock signal exceeds a predetermined time
period, the time-out signal provided at output 218 will go
high. The memory time-out circuit 206 1s enabled and dis-
abled via an enable 1nput 222 provided from the FSM circuit
202. The enable (*en”) 1nput 1s used to enable the timer. When
disabled, the rising edge of the input clock no longer starts a
time-out sequence, and the output 1s forced inactive. This
happens when the memory power controller 102 1s not being
used (BYPASS state). The reset-enable (“resetEn’) 225 input
1s used to enable the triggering. When disabled, the rising
edge ol the input clock no longer re-starts a time-out sequence
on every rising edge. Instead, the memory time-out circuit
206 forces the current time-out to complete before a new one
can start. This provides the ability to use the memory time-out
circuit 206 for both frequency detection, and clock delay.

The time-out signal 1s applied from the memory time-out
circuit 206 to a pulse generation circuit 208. The memories
require a full clock cycle, once powered on, to produce valid
data. In order to ensure a tull cycle, where needed, pulse
generators 208 and 234 are used to create the proper clock
edges, and return the resulting clock to an inactive state,
independently (somewhat) of the source clock. The pulse
generation circuit 208 generates a slow clock signal at pulse
output 228 responsive to the time-out signal. The pulse gen-
eration circuit 208 also generates a delayed time-out signal at
output 230 to the time-out synchronization circuit 204 on line
232 responsive to the time-out signal from the memory time-
out circuit 206. A second pulse generation circuit 210 gener-
ates the fast clock signal at output 234 responsive to the mput
delay clock signal from the time-out synchronization circuit
204.

A multiplexer 212 1s connected to recerve the slow clock
signal from pulse generation circuit 208, the fast clock signal
from pulse generation circuit 210 and the delay clock signal
from the clock synchromization circuit 204. The multiplexer
212 selects between these three clock signals responsive to a
clock select signal applied from the finite state machine 202
via input 236. The multiplexer 212 outputs the selected clock
signal as the gated clock output (GCLK) at output 238 which
comprises the clock output of the power memory controller
102.

The finite state machine 202 generates the clock select
signal to the multiplexer 236 responsive to the synchronized
time-out signal provided from the time-out synchromization
circuit 204 and the delay clock signal provided by the time-
out synchronization circuit 204. The finite state machine
additionally generates the signal to enable and disable the
memory time-out circuit 206. The force skip input 240 forces
the memory power controller to cause the next “N” clocks to
be gated oif 1n the gClk output. The 1ntent 1s to be able to give
the OTP memory time to turn back on 1n the event that 1t was
shut off by something other than a change in clock speed.

Referring now to FIG. 3, there 1s 1llustrated a state diagram
for the finite state machine 202. The finite state machine 202
determines the characteristics of the incoming clock signal,
controls the clock signal being applied to the remainder of the
digital circuit via the gated clock signal output and enables
and disables the OTP memory 104 responsive to the deter-
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mined characteristics of the incoming clock signal. The state
diagram includes a bypass state 302, a fast clock state 304, a
slow clock state 306 and a skip state 308. When in the bypass
state 302, the delay clock signal 1s provided as the gated clock
signal output from the memory power controller 102. This 5
state provides no power management, and the source clock
signal 1s passed onto the associated digital circuitry with no
modification other than the delay implemented by the time-
out synchronmization circuit 204.

The fast clock state 304 1s the state wherein the fast clock 10
signal generated by pulse generation circuit 210 1s provided
as the gated clock output of the memory power controller 102.

In this state, power management 1s active, and a fast clock
signal 1s currently being detected by the memory time-out
circuit 206 responsive to the source clock being less than a 15
predetermined period. The associated OTP memory 104 1s
not turned oif by the finite state machine 202 1n this state.

In the slow clock state 306, the slow clock signal 228
provided from the pulse generation circuit 208 1s provided as
the gated clock output of the memory power controller 102. 20
Within the slow clock state, the memory power management
1s turned on and a slow clock signal i1s currently being
detected by the memory timeout circuit 208 wherein the
source clock 1s greater than a predetermined period (1.e., the
time-out signal 1s high). Within the slow clock state, the 25
associated OTP memory 104 1s turned oif at the end of
time-out period and power 1s thus saved by the circuit.

Within the skip state 308, the OTP memory 104 1s forced on
by the fimite state machine 202 and each of the clock signals
(slow clock, fast clock and delay clock) are skipped until the 30
memory 104 1s guaranteed to be operational. During this time
period, no gated clock signal 1s provided from the memory
power controller 102. This period occurs when passing from
the slow state 306 to the fast state 304, when passing from the
fast state 304 to the bypass state 302 or when there 1s a skip 35
request [e.g., forceSkip 1s active].

The state machine 202 enters the bypass state responsive to
an applied reset signal 310 or responsive to the enable signal
of the memory power controller to the FSM 202 being a
logical “0” and the CN'T (count) signal equaling a logical “1” 40
when the memory power controller 102 1s within the skip
state 308. The CNT signal indicates a suflicient number of
clock cycles (1.e., 20) have occurred to enable switching
states. When the finite state machine 202 1s in the bypass state
302 and there 1s an indication that the enable signal equals a 45
logical “17, the state machine passes at 314 from the bypass
state 302 to the fast clock state 304. The state machine 202
may also enter the fast clock state 304 from the skip state 308
when the enable signal equals a logical “1” and the CNT
signal equals a logical “1”” as indicated generally at 316. From 50
the fast clock state 304, the finite state machine 202 may cause
the memory control circuit 102 to pass to etther the slow clock
state 306 or the skip state 308. The state machine 202 goes
from the fast clock state 304 to the slow clock state 306 at 320
responsive to the time-out signal from the memory time-out 55
circuit equaling a logical ““1”. This provides an indication that
the received delay clock signal has a period that i1s great
enough to start saving power, by turning off the memory. The
state machine 202 may pass from the fast clock state to the
skip state 308 at 318 responsive to the skip request signal 60
equaling a logical *“1” and the enable signal to the memory
time-out controller equaling a logical “0”.

The slow clock state 306 1s only entered from the fast clock
state 304 responsive to a time-out signal equal to a logical *“1”
at 320 as described previously. The slow clock state 306 only 65
passes to the skip state 308. This occurs responsive to the
enable signal being applied to the memory power controller at

6

the FSM 202 equaling a logical “0” or the time-out signal
from the memory time-out circuit 206 equaling a logical “0”
indicating that the delay clock signal 220 1s faster than the
predetermined period of time as indicated at 322.

Once the finite state machine 202 enters the skip state 308
trom either the slow clock state 306 or the fast clock state 304
in the manners described previously, the finite state machine
202 can switch to either the bypass state 302 responsive to the
enable equaling a logical *“0” and CN'T equaling a logical “1”
at 312 as described previously or, 1n response to the enable
equaling a logical “1” and the CN'T equaling a logical “1” at
316, switch to the fast state 304 as described previously.

Referring now to FIG. 4, there 1s illustrated a schematic
diagram of the time-out synchronization circuit 204. The
source clock signal 1s applied to mnput ICLK 214 as described
previously with respect to FIG. 2. The delayed clock signal 1s
provided from the OCLK output 216. The source clock signal
applied at input 214 1s delayed by delay circuit 402. The delay
circuit 402 delays the provided source clock signal by 10
nanoseconds 1n the preferred embodiment to provide the
delay clock signal (DLYCLK). Other amounts of delay could
also be used. Referring now also to FI1G. 5, there 1s provided
a schematic diagram of the delay circuit 416 or 424. The
source clock signal 1s applied to the mnput 502 that 1s applied
to a series connection of four inverters 504. Each inverter 504
includes a first transistor 506 having its source/drain path
connected between V 5, and node 508. A second transistor
510 has its drain/source path connected between node 508
and ground. Node 508 comprises the output node of the
inverter 504. The input node of the mverter 504 1s connected
to the gate of each transistors 506 and 510. The group of
inverters 504 are connected in series such that a first inverter
504a has 1ts mput connected to node 502 and its output
connected to node 508a. The input of the second inverter
504H has 1ts input connected to node 508a and 1ts output
connected to node 5085. The third inverter 504¢ has its input
connected to node 5085 and 1ts output connected to node
508¢. The fourth and final 1mnverter 5044 has 1ts mput con-
nected to node 508c¢ and 1ts output connected to node 5084
The mput inverter 5044 1s a minimum sized inverter driving a
second mimmum sized inverter 5045 to present minimum
loading. The lengths of the second 1nverter 5045 are slightly
larger than that of the lengths of inverter 504« to add delay to
the circuit without increasing the footprint. A transistor 512
removes any threshold voltage dependence within the circuat.
Transistor 512 1s connected as a capacitor. This 1s the ‘C’
clement of the RC delay. The gate of transistor 312 1s con-
nected to node 5085 and the drain and source of transistor 512
are connected to ground.

Referring now back to FIG. 4, an additional input to the
time-out synchronization circuit 204 comprises the time-out
signal 1mitially generated at the memory time-out circuit 206
and passed to the time-out synchronization circuit 204 via the
pulse generation circuit 208. The time-out signal 1s provided
to a time-out signal delay path at input 404. The synchronized
time-out delay signal 1s provided from the output 406 to the
finite state machine 202 and also comprises the OTP memory
disable/enable signal. The source clock signal applied at input
214 15 applied along a clock input path that imtially includes
a latch 408 having the source clock signal applied to the D
input thereof. The rising edge of the time-out, 1To, 1s used to
capture the current level of the source clock, 1Clk to enable
selection of the delay applied to the synchronized time-out
signal oTo. The GN mnput of latch 408 1s connected to receive
an mnverted time-out signal via input 404. The source clock
signal 214 1s captured by the latch 408. The Q) output of latch
408 1s connected to the input of inverter 410. The output of
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inverter 410 1s connected to the input of a second inverter 412.
The output of iverter 412 1s connected to the D 1mput of a
tlip-tflop 414. The clock mput of thp-flop 414 1s connected to
the output of a delay circuit 416 having a configuration simi-
lar to that described with respect to the delay circuit of FI1G. 5.
The mput of the delay circuit 416 1s connected to the time-out
signal applied via mnput 404. A reset signal may be applied to
the reset input 417 of tlip-flop 414. The Q output of flip-tlop
414 1s applied to the mput of an mverter 418. The output of
inverter 418 1s applied to the input of inverter 420. The output
of inverter 420 1s applied as a delay select signal to a multi-
plexer 422. The delay select signal enables the inverter 420 to
select one of two delayed time-out signals that have gone
through a series of delay circuits that 1s provided as the
synchronized time-out signal. The delay select signal 1s based
upon the captured clock signal via latch 408 and tlip-tlop 414.
The output of delay circuit 416, in addition to being applied
as a clock signal to latch 414, 1s applied to the mput of a
second delay circuit 424. The output of delay circuit 424 1s
applied as one mput to the multiplexer 422 and 1s also applied
to the mput of a third delay circuit 426. These delay circuits
are configured as discussed 1n FI1G. 5. The output of the delay
circuit 426 comprises the second input of the multiplexer 422.
The output of the multiplexer 422 1s applied to a first input of
AND gate 428. The multiplexer 422 provides the time-out
signal with the selected delay responsive to the captured clock
signal. The second 1put of AND gate 428 1s connected to
receive the time-out signal via node 404. The output of the
AND gate 428 comprises a time-out signal that has a rising
edge that 1s synchronized with the rising edge of the output
clock atnode 406. The ‘oTo’ signal 1s a delayed version of the
time-out that 1s synchromized with the output/delay clock.
However, only the rising edge of the ‘0To’ needs to be syn-
chronized. When the ‘1To” signal 1s cleared, the ‘o’To’ signal
needs to be clear as soon as possible. Gate 428 ensures a fast
clearing, with a synchronized setting. Each of the delay cir-
cuits 402 and 426 are made of 4 delay cells as described 1n
FIG. 5, while 416 and 424 each use only 2 delay cells.
Referring now to FIG. 6, there are 1llustrated timing dia-
grams describing the manner 1n which the delay clock signal
and the synchronized time-out signal are generated by the
time-out synchronization circuit 204. The purpose of the
time-out synchronization circuit 204 1s to enable the time-out
signal to act asynchronously, while avoiding the case where
the rising edge of the time-out signal 1s too close to the rising
edge of the source clock signal. This 1s enabled by shifting the
time-out signal to approximately 5 nanoseconds from the
rising edge of the delayed source clock signal by selecting the
appropriate amount of delay within the time-out synchroni-
zation circuit. When the source clock signal applied to the
ICLK 1mput goes high at time T, two functions are performed
by the time-out synchronization circuit 204. The delay circuit
402 will delay the source clock signal by approximately 10
nanoseconds such that at time T., the rising edge of the
delayed clock signal 1s provided. It the time-out signal 1To
occurs at any time within the transition zone between time T,
and T, thus would potentially cause problems because the
rising edge of the T, time-out signal 1s too close to the rising
edge of the source clock signal. Thus, based upon the source
clock signal applied at input 214 of the time-out synchroni-
zation circuit 204 and the time-out signal applied at input 404
of the time-out synchronization circuit 204 the actual rising
clock edge of the source clock signal 1s determined by the
clock input path circuit and used to select an appropriate delay
at multiplexer 422 such that the synchromized time-out signal
OTO has 1ts rising edge no closer than approximately 5 nano-
seconds from the rising edge of the output clock oClk (the
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delayed source clock). Illustrated in Fig.6 1s an example of the
rising edge of the input time-out, 1To, happening too close to
the rising edge of the mnput clock, 1Clk. Without the synchro-
nization, this case could introduce operational errors in the
FSM, caused by races, and meta stable outputs. In order to
climinate the risk, a data dependant delay 1s introduced in the
time-out path. This ensures that the rising edge of the output
time-out, oTo, does not happen too close to the output clock,
oClk. This 1s accomplished by sampling the input clock, 1CIk,
using the rising edge of the input time-out, 1To. When the 1To
transition takes place before time 12, a minimal delay 1s
added to the time-out path. When the 1To transition takes
place after time T2, a maximum delay 1s added to the time-out
path. The result 1s that there can be no rising transition on the
o'To around the time of the rising transition of oClIk.

Referring now to FIG. 7, there 1s provided a schematic
diagram of the memory time-out circuit 206. Applied to the
first and second inputs of a NOR gate 702 are the CLKFAIL
signal and the NRESET signal. The output of the NOR gate
702 1s connected to ramp reset logic 704 consisting of a series
connection of four delay cells 706. The delay cells 706 consist
of a string of CMOS inverters. The input of an inverter 708 1s
connected to the Y output of delay cell 7065. The output of
iverter 708 1s connected to the enable pin of flip-tlop 710.
The thip-flop 710 receives the reset En signal at node 712
connected to the D input of flip-flop 710. The delayed clock
signal 1s applied to the clock input of thp-flop 710 atnode 720.
The Q output of flip-flop 710 1s connected to a first input of
NOR gate 714. The second mput of NOR gate 714 1s con-
nected to the enable signal at node 222. The output of NOR
gate 714 1s connected to the mput of a first inverter 716, and
the output of 1inverter 716 1s connected to the mput of a next
inverter 718. The output of inverter 718 provides the N reset
signal which 1s applied to one mput of NOR gate 702 and 1s
also applied to the gate of a transistor 720.

Transistor 720 has 1ts source/drain path connected between
V »»and node 722. A resistor 724 1s connected between node
722 and node 726. A transistor 728 has its drain/source path
connected between node 726 and ground. The gate of tran-
sistor 728 1s connected to the enable signal at node 222 of the
memory time-out circuit 206. A pair of native transistors 730
cach have their gates connected to node 722 and are used to
remove threshold voltage dependence. Transistor 730 has its
gate connected to node 722 and 1ts drain/source connected to
ground. Transistor 732 also has 1ts gate connected to node 722
and 1ts drain/source connected to node 734. A transistor 736
has 1ts drain/source path connected between node 734 and
ground. The gate of transistor 736 1s connected to receive the
“extend” signal at node 738 from the state machine 202. The
extend signal adds hysteresis to the slow/fast clock detector
consisting of transistors 740-744.

Transistors 740, 742 and 744 are connected 1n series
between V ., and ground. Each of these transistors has their
gates connected to node 722. Transistor 740 has 1ts source/
drain path connected between V ,,, and node 746. Transistor
742 has its drain/source path connected between node 746
and node 748. Transistor 744 has 1ts drain/source path con-
nected between node 748 and ground. A transistor 750 has its
gate connected to node 746 and its drain/source path con-
nected between V ,,, and node 748. These transistors all com-
prise high voltage transistors and are used as a threshold
detector with hysteresis. These transistors assist in measuring
the period of the clock signal to determine 11 1t exceeds the
predetermined threshold. The reset signal resets the threshold
detector after each clock period measurement. Node 746 1s
connected to the mput of a first inverter 752. The output of
iverter 752 1s connected to the mput of mverter 754. The
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output of inverter 754 1s connected to the input of inverter
756, and the output of inverter 756 1s connected to the input of
an mverter 758 and an 1inverter 760. The output of inverter 758
comprises the time-out signal which 1s provided at node 218.
The output of 1nverter 760 provides a clock CLKFAIL signal
which 1s applied to the input of NOR gate 702.

The memory time-out circuit 206 compares the delay clock
signal applied at input 220 to a predetermined period of time,
to determine whether the time-out signal goes high. The time-
out 1s cleared on every mput +edge. Only the +edge 15 deter-
mined by the mput clock period. When the time-out signal
goes high, logical “1” this 1s an indication that the slow clock
signal should be provided as the gated clock signal of the
memory power controller 102. When the time-out signal 1s
logical *“0” this 1s an indication that the fast clock signal
should be used as the gated clock signal of the memory power
controller 102. The length of the time-out defines the switch-
over point for fast v. slow clock operation. There 1s a cost
associated with switching from slow to fast clock mode. This
cost 15 the skipped clock cycles. Due to clock noise, 11 the
system clock period were close to the time-out value (switch-
over point), the system would randomly switch between slow
and fast clock mode. (A very inefficient mode of operation.)
To prevent this, the time-out period 1s altered based on the
mode. When entering a slow clock mode (1.e., a long clock
period), the time-out period 1s shortened. This results in the
switch-over point being moved to a higher frequency. Addi-
tionally, when we enter fast clock mode, the time-out period
1s increased. This hysteresis ensures that the clock frequency
and the switch-over point for an extended period.

Referring now to FIG. 8, there 1s illustrated the manner for
generating the fast clock signal by the pulse generation circuit
210 of the memory power controller 102. The source clock
signal provided at the input of the memory power controller
signal goes high at time T, and goes low at time T,. At a
predetermined delay after the source clock goes high, the
delay clock goes high at time 'T,. The delay clock goes low at
time T, at the same delay after the source clock goes low at
time T,. Substantially upon the rising edge of the delay clock
signal at time T,, a low pulse 1s generated by the pulse gen-
eration circuit 210 from time T, to time T5. In the preferred
embodiment, the pulse width between time T, and T, 1s 20
nanoseconds. Once entering the fast clock state at time T, the
20 nanosecond low pulse from the pulse generator 210 com-
prising the fast clock signal 1s generated.

Referring now to FIG. 9, there 1s 1llustrated the manner in
which the slow clock signal 1s generated by the pulse genera-
tor 208 responsive to a determination that the time-out signal
provided from the memory time-out circuit 206 has gone
high. In this case, the source clock signal applied to the input
of the memory power controller 102 goes high attime T,. The
delayed clock signal 1s generated beginning at time T, when
the delay clock pulse goes high after the predetermined delay
trom the source clock. When the source clock signal goes low
at time 15, the delay clock signal correspondingly goes low
after the predetermined delay from the source clock at time
T,. The slow clock signal pulse 1s generated as a low pulse
from time T to time T,. In the preferred embodiment, the
period of the low pulse between times T and T 1s 20 nano-
seconds. The slow clock pulse goes low at time T a prede-
termined distance from the rising clock edge of the source
clock at time T,. In a preferred embodiment, the period of
time from T, to T 1s 310 nanoseconds. More specifically, this
1s the sum of the clock delay plus the turn-on time of the
memory.

Referring now to FIG. 10, there 1s illustrated a timing
diagram of the process of the gated clock of the memory
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power controller 102 going from the slow clock state to the
fast clock state. From time T, to time T ,, the memory power
controller 1s 1n the slow clock state and providing the slow
clock signal as the gated clock output of the controller 102.
Responsive to occurrence of a delay clock pulse at time T,
the memory power controller 102 1s no longer 1n the slow
clock state but enters the skip state after time T, to time T.
The memory power controller 102 1s 1n the fast clock state
after time T . The gated clock signal goes low for a 20 nano-
second pulse one further time at time T, responsive to the last
apparent slow clock pulse at time T,. The state machine then
determines the predetermined time period from time T; to
time T.. This time period from T; to T 1s to ensure that the
OTP memory 104 has had sufficient time to power on respon-
stve to the OTP memory enable signal (SE) going high sub-
stantially at time T,. Once the SE signal goes high within the
skip state, the SE signal remains high through the remainder
of the skip state and into the fast clock state beginning at T ..

Referring now to FIG. 11, there 1s illustrated the process
wherein the gated clock 1s switched from a fast clock signal
from times T to times T, to the slow clock signal after time
T,. After time T, when a fast clock signal 1s no longer being
provided as the delay clock, the time-out signal goes high at
time T, responsive to the delay clock period exceeding the
predetermined length. Responsive to the next rising clock
edge at time T, the slow clock pulse 1s provided as the gated
clock signal at time T . Once the time-out signal goes high at
time T, responsive to the memory time-out circuit detecting
the slowing of the delay clock, the memory will be disabled
substantially at time T, by the SE signal going low.

Using the herein described memory power controller,
power can be saved within an associated digital circuit by
using a combination of differing clock signals and control of
on and ofl times of an associated memory. The fast or slow
clock signals are provided responsive to the corresponding
speed of the source clock being provided to the digital circuit.
The associated memory 1s turned on and off responsive to
detection of the slow and fast clock signals and signals are
approprately delayed to compensate for the turn on times for
the memory.

It will be appreciated by those skilled in the art having the
benefit of this disclosure that this memory power controller
provides an improved manner for power control of an OTP
memory. It should be understood that the drawings and
detailed description herein are to be regarded 1n an 1llustrative
rather than a restrictive manner, and are not intended to be
limiting to the particular forms and examples disclosed. On
the contrary, included are any further modifications, changes,
rearrangements, substitutions, alternatives, design choices,
and embodiments apparent to those of ordinary skill 1n the art,
without departing from the spirit and scope hereof, as defined
by the following claims. Thus, 1t 1s intended that the following
claims be iterpreted to embrace all such further modifica-
tions, changes, rearrangements, substitutions, alternatives,
design choices, and embodiments.

What 1s claimed 1s:

1. A memory power controller comprising:

clock generation circuitry for generating a first clock signal
and a second clock signal responsive to a source clock
and a determination that the source clock has a period
greater than a predetermined value, wherein the first
clock 1s generated responsive to the determination that
the source clock has the period greater than the prede-
termined value and the second clock 1s generated
responsive to the determination that the source clock has
a period less than the predetermined value; and



US 8,020,010 B2

11

memory timeout circuitry for generating a memory enable/
disable signal to control operation of an associated
memory responsive to the source clock and a determi-
nation that the source clock has the period greater than
the predetermined value, wherein the memory timeout
circuitry further synchronizes the memory enable/dis-
able signal with respect to a delayed version of the
source clock.

2. The memory power controller of claim 1, wherein the
predetermined value comprises a predetermined period of
time.

3. The memory power controller of claim 1, wherein the
predetermined value comprises a predetermined number of
clock pulses.

4. The memory power controller of claim 1, wherein the
first clock signal 1s substantially slower than the second clock
signal.

5. The memory power controller of claim 1, wherein the
memory timeout circuitry synchromzes the memory enable/
disable signal with the source clock by generating the
memory enable/disable signal to occur a predetermined time
period with respect to the delayed clock source.

6. The memory power controller of claim 1, wherein the
clock generation circuitry generates a third clock signal
responsive to an external control signal, the third clock signal
comprising a delayed version of the source clock.

7. The memory power controller of claim 1, wherein the
clock generation circuitry further comprises:

first pulse generation circuitry for generating the first clock
signal responsive to an indication that the source clock
has the period greater than the predetermined value;

second pulse generation circuitry for generating the second
clock signal responsive to a delayed source clock;

a multiplexer having mputs connected to receive the first
clock signal and the second clock signal, wherein the
multiplexer selects the first clock signal or the second
clock signal responsive to a control mput; and

a state machine for generating the control input responsive
to the delayed source clock and the memory enable/
disable signal.

8. The memory power controller of claim 7, wherein the

memory timeout circuitry further comprises:

a clock period measurement circuit for determining when a
period of the delayed source clock exceeds a predeter-
mined period and generating the indication that the
source clock has the period greater than the predeter-
mined period; and

clock synchronization circuitry for generating the memory
enable/disable signal to occur a predetermined time after
a clock edge of the source clock responsive to the indi-
cation that the source clock has the period greater than
the predetermined period.

9. The memory power controller memory power controller
of claam 8, wherein the clock synchromization circuitry
receives the source clock and generates the delayed source
clock.

10. The memory power controller of claim 7, wherein the
state machine generates the control input to select the first
clock signal when the period of the delayed source clock 1s
greater than the predetermined value and further wherein the
state machine generates the control mnput to select the second
clock signal when the period of the delayed source clock 1s
less than the predetermined value.

11. A memory power controller, comprising:

clock synchronization circuitry connected to receive a
source clock and a memory time out signal for generat-
ing a delayed clock source responsive to the recerved
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clock source and for generating a memory enable/d1s-
able signal to control operation of an associated
memory, the memory enable/disable signal comprising
the memory timeout signal synchronized to occur at a
predetermined time period with respect to the delayed
clock source, the synchronization moves an active edge
of the timeout signal away from an active edge of the
delay clock source;

a clock period measurement circuit for determining when a
period of the delayed source clock exceeds a predeter-
mined period and generating the memory time out signal
indicating that the delayed source clock has a period
greater than the predetermined period;

first pulse generation circuitry for generating a first clock
signal responsive to the memory time out signal indicat-
ing that memory has been turned on long enough to use;

second pulse generation circuitry for generating a second
clock signal responsive to the delayed source clock;

a multiplexer having inputs connected to receive the first
clock signal and the second clock signal, wherein the
multiplexer selects the first clock signal or the second
clock signal responsive to a control mput; and

a state machine for generating the control input responsive
to the delayed source clock and memory enable/disable
signal, wherein the state machine generates the control
iput to select the first clock signal when the period of
the delayed source clock 1s greater than the predeter-
mined value and further wherein the state machine gen-
erates the control input to select the second clock signal
when the period of the delayed source clock is less than
the predetermined value.

12. The memory power controller of claim 11, wherein the
predetermined value comprises a predetermined period of
time.

13. The memory power controller of claim 11, wherein the
predetermined value comprises a predetermined number of
clock pulses.

14. The memory power controller of claim 11, wherein the
first clock signal 1s substantially slower than the second clock
signal.

15. The memory power controller of claim 11, wherein the

multiplexer 1s further connected to receive the delayed source
clock.

16. The memory power controller of claim 15, wherein the
state machine generates the control mput to cause the multi-
plexer to select the delayed clock source responsive to an
external control signal.

17. A method for providing power control to a memory
comprising the steps of:

determining 1f a source clock has a period greater than or

less than a predetermined value;

generating each of a first clock signal and a second clock

signal responsive to at least one of a source clock and the
determination that the source clock has a period greater
than a predetermined value;

selecting the first clock signal responsive to the determina-

tion that the source clock has a period greater than the
predetermined value;

selecting the second clock responsive to the determination

that the source clock has a period less than the predeter-
mined value;

generating a memory enable/disable signal to control

operation of an associated memory responsive to the
source clock and the determination that the source clock
has a period greater than the predetermined value; and
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synchronizing the memory enable/disable signal to occur a
predetermined period with respect to a delayed version
of the source clock.

18. The method of claim 17, wherein the predetermined

value comprises a predetermined clock period.

19. The method of claim 17, wherein the predetermined

value comprises a predetermined time.

20. The method of claim 17, wherein the first clock signal

1s substantially slower than the second clock signal.

21. The method of claim 17 further comprising the steps of:

generating a third clock, the third clock signal comprising,
the delayed version of the source clock; and

selecting the third clock responsive to an external control
signal.

22. The method of claim 17, wherein the step of generating,

turther comprises the steps of:
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generating the first clock signal responsive to an indication
that the source clock has a period greater than the pre-
determined value;

generating the second clock signal responsive to a delayed
source clock.

23. The method of claim 17, wherein the steps of selecting

turther comprises the steps of:

selecting the first clock signal responsive to a control signal
indicating the determination that the source clock has a
period greater than the predetermined value; and

selecting the second clock responsive to a control signal
indicating the determination that the source clock has a
period less than the predetermined value.
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